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ABSTRACT 
 
This study investigates the response of two wheat 
cultivars to boron toxicity stress. Plants were 
cultivated in sand culture and boron was applied to 
the culture for 10-day. Symptoms, tiller number, 
boron concentration, soluble sugars, proteins and 
other free amino acids than proline were studied. 
The differences between the cultivars were apparent 
from higher boron and the chlorosis in tolerant 
cultivar was about 7% compared to the sensitive one 
70%. Tiller number gradual decreased in tolerant-
cultivar, while in sensitive one a dramatic reduction 
was exhibited by increasing boron level in culture 
media. In most boron levels, although the accumu-
lation of soluble carbohydrates was significantly 
stimulated in shoot of B-sensitive cultivar 
(Gemmeza 9; S), there were no appreciable 
differences in the production of carbohydrates in 
shoot of B-tolerant cultivar (Sakha 93; T). However, 
the soluble proteins production did not affect by 
most boron levels in both cultivars. The presence           
of boron at various concentrations induced a 
production of free amino acids in shoots of each of 
the two test cultivars. Tiller number (yield index) 
decreased in the two test cultivars and was in range 
50-59 and 84-92% less than control plants for 
tolerant and sensitive cultivar, respectively. 
 
Keywords: Amino acids; Boron; Pigments; Soluble 
carbohydrates; Soluble proteins. 
 
1. INTRODUCTION 
  
 Boron (B) is well documented as an essential 
micronutrient for optimum growth of vascular 
plants. However, when B is present above the 
permissible limit in the soil or ground water, plant 
growth and reproduction can be affected, limiting 
crop productivity throughout the world [1, 2]. Boron 
toxicity is extensively located in the agricultural 
areas of Australia, North Africa, and West Asia 
characterized by alkaline and saline soils together 
with a low rainfall and very scare leaching. In 
addition to this, B-rich soils also occur as a 
consequence of over fertigation and/or irrigation 
with water containing high levels of B [3, 4]. 
 Negative impacts of excess B involves many 
developmental/biochemical processes in plants such 
as altered metabolism [5, 6], reduced activity in 
photosynthetic process [7], reduced root cell divi-
sion [8], reduced shoot cell wall expansion [5] and 
generation of reactive oxygen species (ROS) 
followed by oxidative damage [9, 10]. Reid et al.    
[2] also demonstrated that excess B impairs the 
tolerance to photo-oxidative stress.  
 Boron is unique as a micronutrient: it has 
restricted mobility in many plant species while it is 
freely mobile in others [11]. Boron mobility within 
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plant parts determines the visible symptoms of B 
excess: in plants with low B mobility, the typical 
symptoms are chlorotic and/or necrotic patches 
(burn) of the older leaves where B tends to 
accumulate [12]. Differently, in plants with high B 
mobility the symptoms of B toxicity firstly appear in 
meristematic regions and in fruits, but not in mature 
leaves [13]. Moreover, B toxicity can affect crop 
productions through the reduction of leaf expansion, 
photosynthetic efficiency and fruit set [12]. The 
ability to restrict B uptake into the plants can 
minimize the physiological impairments caused by 
B toxicity [12, 14]. On the other hand, an inherent 
ability to tolerate excessive B concentration in plant 
tissues [15] or the differential antioxidant response 
that may reduce B-toxicity damage in some species 
[10] was suggested. 
 We are studying the toxicity effects of B on 
wheat cultivars and have earlier shown that Sakha 
93 the most B-tolerant, out of five, test cultivars and 
Gemmeza 9 as the most B-sensitive one [16]. Thus, 
in this investigation it seemed necessary to consider 
some physiological and biochemical responses of 
the selected cultivars and how far these responses 
are correlated with the B-tolerance mechanisms at 
different B levels. Particular attention was focused 
to investigate the correlations among the B, toxicity 
symptoms, yield index, soluble carbohydrates, 
soluble proteins and other free amino acids than 
proline concentrations in the plant tissues of both 
the cultivars. 
 
2. MATERIALS AND METHODS 
 
2.1. Plant material, growth conditions, and 
treatments 
 
 Seeds of B-sensitive (Gemmeza 9; S) and B-
tolerant (Sakha 93; T) cultivars of wheat (Triticum 
aestivum L.) were sterilized and grown in sand 
culture in 10 cm diameter plastic pots lined with 
polyethylene bags [16]. Fifteen grains were grown 
in 0.7 kg air-dried and cleaned quartz sand, which 
was kept at approximately 100% of the field 
capacity by watering with B-free distilled water and 
left for germination in a greenhouse under natural 
light. After 10 days, 5 seedlings were selected on 
the basis of vigor and uniformity, the undesired 
seedlings were removed. Then, boron stress treat-
ment was initiated by applying Nable’s solution [17] 
containing boric acid (H3BO3) to the seedlings, the 
pH was buffered to pH 5.7. The seedlings were 
grown in final B concentration of: 1, 3, 6, 8 and 10 
mg kg-1 soil for ten days for vegetative growth and 
35 days for tiller stage. Each pot represents as 
experimental unit with 5 plants per treatment; each 
treatment was replicated six times. The samples 
were collected: roots and shoots separated, washed 
with deionized water, weighed, frozen in liquid 
nitrogen, and stored at -80oC and some samples 
were oven-dried at 70ºC for 48 hours. 
 
2.2. Plant extraction 
 
 Shoot extractions were prepared using 50 mM 
potassium phosphate buffer (pH 7.0) containing 0.1 
g polyvinylpyrrolidone (PVP) and used for the 
determination of soluble carbohydrates, soluble 
protein and other free amino acids than proline. 
 
2.3. Soluble carbohydrates 
 
 Phosphate buffer extraction was mixed with 
anthrone reagent [18, 19]. The samples were placed 
in a boiling water bath for 10 min. The light 
absorption of the samples was determined 
spectrophotometrically at 625 nm. A calibration 
curve using pure glucose was constructed. 
 
2.4. Soluble proteins 
 
 Proteins in the extract were estimated by 
Folin Ciocalteau's reagent [20]. The absorbance of 
color was measured using a spectrophotometer at 
750 nm. A calibration curve was constructed using 
bovine serum albumin (BSA). 
 
2.5. Amino acids 
 
 Other free amino acids than proline were 
determined using ninhydrin [21] and were measured 
using a spectrophotometer at 570 nm. A calibration 
curve was constructed using glycine. 
 
2.6. Boron concentration 
 
 For boron concentration measurement, 0.01 g 
(DW) shoot samples were dry ashed in a muffle 
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furnace at 500ºC for 6 h. The ash was then dissolved 
in 0.1 N HCl and B was determined colorimetrically 
at 540 nm by the curcumin method [22].  
 
2.7. Statistical analysis 
 
 All measurements were taken in independent 
6 replications. The data given in all figures represent 
means ± SE. Statistical assays were carried out            
by using ANOVA (completely randomized) to 
determine if significant differences were present 
among means. Duncan’s test was carried out to 
determine if mean difference significant at P< 0.05 
(SPSS-11). 
 
3. RESULTS 
 
 The response of plants to toxic levels of B has 
received renewed interest of late. There is a wealth 
of information about the effects of B toxicity on the 
biomass parameters and the metabolic response of 
plants corresponding to respective B concentrations 
in the growth medium. This large set of data was 
difficult to treat and present in full and thus simple 
two-dimensional parameter correlations are presen-
ted and discussed in the text below. 
The main concern is that B is mainly trans-
ported via the transpiration stream and accumulated 
in leaves, whereas B cannot be remobilized in wheat 
plants. Therefore, all the studied parameters have 
done on leaves of two wheat cultivars (Gemmeza 9 
and Sakha 93, the B-sensitive and B-tolerant 
cultivars, respectively). 
 
3.1. Correlation between B and toxicity symptom  
 
 The symptoms reflect the distribution of B in 
most species with B accumulating at the end of the 
transpiration stream. The current study showed that 
wheat is very sensitive to excess B and has a 
relatively low B-demand during vegetative growth, 
accompanied by a high susceptibility to B toxicity. 
When the B concentration in soil was exceeded          
1 mg B kg-1 soil characteristic symptoms of B 
toxicity appeared (Fig. 1). The first sign of B 
toxicity was yellow-green chlorosis, which first 
developed on the oldest leaves and progressed to the 
youngest. Later, small patches of necrotic tissue 
appeared. In Gemmeza 9, the B-sensitive cultivar, 
the chlorotic symptoms appeared 3 days after 
treatments, while in Sakha 93, the B-tolerant 
cultivar; symptoms appeared 7 days after treat-
ments.  
 
 
 
Figure 1. Dependence of leaf symptoms of 20-day-old 
Gemmeza 9 (S) and Sakha 93 (T), the B-sensitive and    
B-tolerant wheat cultivars, respectively, as affected       
by different boron levels in sand soil for 10 days.        
Yellow areas are expressed in terms of % of the leaf area. 
Data points represent mean ± standard error (n = 6). 
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3.2. Correlation between B content and tiller 
number 
 
 Special emphasis was laid on the influence of 
B toxicity stress on tiller number (yield index) of the 
two test wheat cultivars. In this respect, consi-
derable differences were induced by the various 
levels of B (Figs. 2 and 3). The results presented in 
Figure 2 reveal that the tiller number of 35-day-old 
plants was markedly affected by B level. Tiller 
number decreased in the two test wheat cultivars 
(sensitive and tolerant) as B level increased. At 1, 3, 
and 6 mg B kg-1 soil the reduction in tiller number 
of Gemmeza 9 was quit pronounced (50%, 84%, 
and 92%, respectively) as compared with control. 
However, the decrease in tiller number of Sakha 93, 
the B-tolerant cultivar, at 3 and 6 mg B kg-1 soil B 
level amounted to about 50% and 59%, respectively 
as compared with control.  
 
 
 
Figure 2. Tiller number (% of control) of 35-day-old of 
Gemmeza 9 (S) and Sakha 93 (T), the B-sensitive and   
B-tolerant wheat cultivars respectively, supplemented 
with different boron concentrations. Data points represent 
mean ± standard error (n = 6). 
 
 
 The data in Fig. 4 clearly demonstrated that B 
concentration in shoots of Sakha 93 and Gemmeza 9 
increased gradually with the rise of B level in the 
soil. It is worth to mention that significant 
differences in B concentrations in shoots of Sakha 
93 and Gemmeza 9 cultivars were manifested. At 
low B concentrations (1, 3 mg B kg-1 soil) Sakha 93 
had B concentrations in shoots from 25-to 29% 
greater than in sensitive cultivar Gemmeza 9, while 
at higher levels (6, 8 mg B kg-1 soil) Gemmeza 9 
had B concentrations in shoots from 33.5 to 55% 
greater than in Sakha 93. 
 
 
 
Figure 3. Tillering of 35-day-old of Gemmeza 9 (S) and 
Sakha 93 (T), the B-sensitive and B-tolerant wheat 
cultivars respectively, supplemented with different boron 
concentrations. 
 
 
 
Figure 4. Shoot boron contents of 20-days-old Gemmeza 
9 (S) and Sakha 93 (T), the B-sensitive and B-tolerant 
wheat cultivars respectively, as affected by different 
boron levels in sand soil for 10 days. Data points 
represent mean ± standard error (n = 6). 
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3.3. Correlation between B and soluble 
metabolites 
 
 The response of the tissue soluble sugars, 
proteins and amino acids concentrations toward B 
accumulation was variable in shoots of the tolerant 
cultivar and sensitive one (Fig. 5). 
 Although the accumulation of soluble carbo-
hydrates was significantly stimulated in shoot of 
Gemmeza 9 with the increase of most B level, there 
were no appreciable differences in the production of 
carbohydrates in shoot of Sakha 93 at most B levels 
(Fig. 5A). 
 The successive increase in B concentration 
did not induce a stimulatory effect on the 
accumulation of soluble proteins in the shoots of the 
two test cultivars, except at level 6 mg B kg-1 soil, 
which was of a stimulatory effect on the synthesis of 
proteins in shoots of Sakha 93 (Fig. 5B). 
 The results presented in Figure 5C clearly 
demonstrate that the presence of B in the culture 
media at various concentrations induced appreciable 
induction in the production of other free amino acids 
than proline in shoots of each of the two test 
cultivars. 
 
4. DISCUSSION 
 
4.1. Correlation between B and toxicity symptom  
 
 The common feature of tolerant cultivars was 
that the B concentrations in their tissues were lower 
than in sensitive cultivars. From this, it was 
hypothesized that the tolerance trait was associated 
with an ability to restrict B uptake from the soil into 
the roots, thereby reducing transfer to the shoot [23]. 
The first visible result obtained in this experiment 
was the different sensitivity to B stress shown by the 
two wheat cultivars evaluated. In fact, marginal 
portion of leaves exhibited evident and marked 
symptoms of damage in Gemmeza 9, whereas these 
were scarce in Sakha 93. These symptoms which 
represent the general symptoms of B toxicity reflect 
the distribution of B in most species, with B 
accumulating at the end of the transpiration stream 
[24, 25]. Kohl and Oertli [26] demonstrated that B 
uptake followed the passive water flux from roots to 
leaves accumulated especially where termination of 
leaf veins terminate; these tissues show more 
evident symptoms of B toxicity such as chlorosis 
and necrosis. According to Shelp [27] higher B 
concentrations were found in leaf tissues than in 
phloem sap.  
 
 
 
Figure 5. Soluble sugars (A), soluble proteins (B) and 
amino acids (C) concentration in shoot of 20-day-old 
Gemmeza 9 (S) and Sakha 93 (T), the B-sensitive and    
B-tolerant wheat cultivars respectively, as affected by 
different boron levels in sand soil for 10 days. Data 
points represent mean ± standard error (n = 6). 
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4.2. Correlation between B content and tiller 
number 
 
 Growth and yield were reported to be limited 
in all cases where plants were grown under root 
zone conditions of high B [28]. It is known that 
presence of high amount of B in irrigation water and 
soil adversely affects plant growth and yield 
production in different cereal plants [16, 29] due to 
its ease in absorption and mobility within plant 
cell/tissues [12, 30].  
 Tillering or vegetative branching is one of the 
most important components of shoot architecture in 
cereals because it contributes directly to grain yield 
[31, 32] and is involved in plant plasticity in res-
ponse to environmental cues and stresses [33, 34]. 
In this study, the tiller number of both test cultivars 
decreased with increasing B level in the soil. This 
decrease was more evident in the sensitive cultivar 
where the B of only 1 mg kg-1 soil decreased the 
tiller number to about 50% of the control weight. B 
toxicity impacts heavily on wheat production in 
Australia (up to 11% yield reduction in affected 
areas [35], and breeding for tolerance in wheat is of 
high importance across southern Australia.  
 Species and genotypes susceptible to B 
toxicity generally have higher concentrations of B in 
leaves and shoots than do tolerant genotypes [36]. 
Gemmeza 9 is more susceptible to B toxicity and 
accumulates more B in its shoots than Sakha 93, the 
B tolerant cultivar. Working on several barley and 
wheat genotypes, Nable [17] reported that the most 
susceptible genotypes to excess B accumulate more 
B than tolerant genotypes. Some authors recorded a 
range of genotypic variation in response to B 
toxicity with mechanisms including B exclusion 
[37, 38] and an inherent ability to tolerate excessive 
B concentration in plant tissues [15]. It was 
observed that the B-tolerant barley cultivar Sahara 
3771 has the capacity to maintain much lower B 
concentrations in roots as well as in xylem and 
leaves [14], for which the authors propose a 
mechanism of active efflux of the borate anion. 
 
4.3. Correlation between B and soluble 
metabolites 
 
 Boron plays a key role in sugar transport and 
carbohydrate metabolism [39]. Our results demons-
trate that B toxicity resulted in increased soluble 
carbohydrates in the shoot of Gemmeza 9. Under 
similar conditions there was no appreciable change 
in soluble carbohydrates in Sakha 93. The 
carbohydrate accumulation seems to be related to 
limitation of its use rather than increase in its 
synthesis. Cervilla et al. [10] reported that B-
toxicity increased glucose, fructose and sucrose 
contents in the leaves of two tomato (Lycopersicon 
esculentum) cultivars (‘Josefina’ and ‘Kosaco’). 
Pérez-López et al. [40] reported that the accumu-
lation of sugars in plants under stress conditions 
might be involved in the osmotic adjustment. 
However, the protective role of sucrose could            
be explained as a compatible solute, protecting 
structure of membranes [41]. 
 The results of the present work demonstrate 
that B failed to induce appreciable variations in the 
production of soluble proteins in shoots of the two 
test cultivars. This result agree with the results 
reported by Reid et al. [2] who demonstrated that 
neither photosynthesis, respiration nor protein 
synthesis was particularly sensitive to B. Also, 
Uluisik et al. [42] showed that boron treatment does 
not change the expression pattern of most of the 
ribosomal protein genes. 
 Amino acids acts as a putative osmo-
protective solute leading to lowering osmotic 
potential in several tissues exposed to stress [43].     
In our experiment, both wheat cultivars subjected    
to high B toxicity (up 3 mg/kg soil) showed a 
significant increase in the content of amino acids. 
This observation is in accordance with that of Gopal 
[44] who indicated that application of 10 ppm B in 
sand culture was highly injurious to groundnut 
plant. The chlorotic leaves showed decreases in 
protein-nitrogen and considerable increase in 
soluble-nitrogen, contents of aspartic acid, glutamic 
acid, glycine and alanine. Also, Kaya et al. [45] 
suggested that B stress induces amino acid synthesis 
or activates the general amino acid control 
mechanism. 
 
5. CONCLUSIONS 
 
 In conclusion, T. aestivum accumulates B in 
the oldest leaves and progresses to the youngest. 
The differences between the cultivars were statisti-
cally apparent only at 3 mg kg-1 soil levels of B 
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accumulation. Tiller number decreased in the two 
test cultivars and was found in the range from 50-59 
and 84-92% less than control plants at 3 and 6 mg   
B kg-1 soil for tolerant and sensitive cultivars, 
respectively. The soluble carbohydrates and proteins 
concentrations did not affect by B accumulation, 
except for the carbohydrates of the sensitive cultivar 
where the concentration was stimulated. Both wheat 
cultivars subjected to B up to 3 mg kg-1 soil showed 
a significant increase in the content of amino acids. 
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